The octocoral, Paramuricea clavata, is a habitat-forming anthozoan with a key ecological 29 role in rocky benthic and biodiversity-rich communities in the Mediterranean and Eastern 30
. This species plays a key ecological role as a structural species in rocky-58 bottoms characterized by rich diverse Mediterranean coralligenous (Ballesteros 2006) . Similar 59 to trees in terrestrial forests, P. clavata generates three-dimensional structures that increase 60 overall habitat complexity which in turn has a positive impact on associated species (Ponti et 61 al. 2018 ). This long-lived species (up to 100 years) exhibits low population dynamics: it is 62 characterized by recruitment by pulse, a slow growth rate (mean growth rate = 0.8 cm.years -63 1 ), late sexual maturity (10 years of age) ( included as a vulnerable species to the IUCN red list of Anthozoans in the Mediterranean 70 (Otero et al. 2017) . Moreover, there is a consensus among scientists and managers regarding 71 the urgent need to develop new resources for this species in order to promote its conservation. 72
Focusing on mass-mortality events (MMEs), intensive field surveys have demonstrated the 73 differential impact of warming on individuals and populations of P. clavata. For instance, 74 during the 2003 MME, the percentage of affected colonies (i.e. showing tissue necrosis) 75 ranged from less than 5% up to more than 80% depending on the population (Garrabou et al. 76 2009). Thus, individuals and/or populations show different levels of tolerance to thermal 77 stress, suggesting the occurrence of warming-resistant individuals. The presence of these 78 individuals affords a new perspective for the conservation of the species, especially in terms 79 of active restoration actions. 80 Accordingly, population-by-environment interactions (PEI) focused on the interactions with 81 thermal environment have been receiving more attention in Paramuricea clavata. Common 82 garden experiments in controlled conditions have been used to identify different physiological 83 factors (e.g., sex, sexual maturity) driving the differential responses to thermal stress reported 84 from the field Arizmendi-Mejía et al. 2015b ). In the meantime, different 85 studies have aimed to decipher the respective role of selected (local adaptation) and neutral 86 (genetic drift) eco-evolutionary processes on the resistance to thermal stress (Ledoux et al. 87 2015; Crisci et al. 2017 ). While genetic drift seems to play a central role in P. clavata PEI, 88 definitive conclusions regarding the eco-evolution of thermo-resistance are still lacking 89 mainly because of the limited genetic tools used (e.g., low number of genetic markers). In 90 order to promote the conservation of Paramuricea clavata, we aim to develop genomic 91 resources to gain insights into the eco-evolutionary processes and genetic factors involved in 92 the differential response to thermal stress. 93 water pumped from 10m depth in a continuous flux system. This sample was divided in three 101 fragment sections (3_10-10, 5_27-10 and 6_2-1) for the DNA extractions described below. 102
METHODS & MATERIALS 94

Sample
Genomic DNA extraction 103
Total genomic DNA was extracted from fresh tissue frozen in liquid nitrogen using the 104 Gentra PureGene Tissue Kit (Qiagen) following manufacturer protocol. DNA purity and 105 quantity were estimated using spectrophotometer and Qubit fluorescent based kit (Thermo 106 Fisher Scientific). DNA integrity was assessed on 0.8% agarose gel electrophoresis. 107
Whole Genome Sequencing with Illumina 108
The Roche-Kapa Biociences kit for short-insert paired-end libraries for Illumina was used for 109 DNA library preparation of P. clavata with some minor modifications. A pool of seven 110 gDNA extractions from fragment section 3_10-10 was re-purified with AMPure XP Beads 111 (Agencourt, Beckman Coulter) and eluted in 50ul of water. Genomic DNA (6.0 μg) was 112 sheared on a Covaris™ LE220 in order to reach DNA fragment sizes of ~400-800bp. The 113 fragmented DNA was size-selected on 1% agarose gel where eight bands were excised to 114 isolate DNA fragments of precise insert size (520bp). Three gel fractions were selected for 115 further purification with Qiagen QIAquick® Gel Extraction Kit and the size was determined 116 on an Agilent 2100 Bioanalyzer with the DNA7500 assay (362bp, 429bp, 548bp, fractions D, 117 E, F), end-repaired, adenylated and ligated to dual matched indexed paired-end adaptors 118 (IDT). The adaptor ligated library size (458bp, 516bp, 678bp) was confirmed on an Agilent 119 2100 Bioanalyzer with the DNA7500 assay. All libraries were quantified with the Library 120 MinION AMX adapters (Oxford Nanopore Technologies) were ligated using the NEB 141 Blunt/TA Ligase Master Mix (New England Biolabs). Each step was followed by purification 142
with AMPure XP Beads. The DNA/beads ratio was 1 (V/V) after the end-repair and 143 adenylation step. After the repair and the final purification/size selection steps the DNA/beads 144 ratio was 0.4 (V/V) in order to eliminate all fragments below 2kb. 145
The sequencing run was performed on a MinION instrument (Oxford Nanopore 146 Technologies) using the R9.5 chemistry FLO-MIN107 flowcell for the first run (pooled 8 sample 5_27-10) and the R9.4.1 chemistry FLO-MIN106 flowcell (Oxford Nanopore 148 Technologies) for the second run (pooled sample 6_2-1), according to manufacturer's 149 recommendations. In brief, first the MinKNOW interface QC (Oxford Nanopore 150 Technologies) was run in order to assess the flowcell quality and followed by flowcell 151 priming. The sequencing library was mixed with running buffer, Library Loading Beads 152 (Oxford Nanopore Technologies) and nuclease free water and loaded onto the "spot on" port 153 for sequencing. The sequencing data was collected for 48 hours. The quality parameters of the 154 sequencing runs were further monitored by the MinKNOW 1.10.16 platform while the run 155 was base-called using the Albacore v2.0.1 agent in real time. 156
Genome size and complexity 157
As there is no empirical estimate for P. clavata genome size, we downloaded 41 C-value 158 estimates corresponding to the Cnidaria phylum in the Animal Genome Size Database 159 (Gregory 2017 ). In addition, we ran two different k-mer analyses on the raw PE reads to 160 estimate the size and complexity of the genome. First, we examined the frequency distribution 161 of k-mers, 57 bp long, using Jellyfish v2.2.6 (Marçais and Kingsford 2011) and then ran 162
GenomeScope v.1.0 (Vurture et al. 2017 ). An additional estimate, was obtained with SGA 163 preqc (Simpson 2014) (using a k=31). 164
Filtering contaminated reads and trimming PE reads to 150 bp 165
Before de novo assembly, all reads from PE400 were filtered out from contaminants by 166 mapping (gem-mapper (Marco-Sola et al. 2012) with up to 2% mismatches) against a 167 contamination database that included phiX, Univec sequences, E. coli and various 168 contaminants detected with kraken (Wood and Salzberg 2014) in more than 0.01% of the 169 reads (see Table 3 ). Note that our read decontamination method is stringent enough to remove 9 real contaminants (almost exact matches with ≤ 2% mismatches) such as phiX but does not 171 detect similar but divergent sequences (such as different bacterial strains); these are detected 172 in the final assembly by using BLAST or during the genome annotation. 173
The filtered Illumina PE were trimmed to 150bp using FASTX toolkit v.0.0.13 174 (http://hannonlab.cshl.edu/fastx_toolkit/). This was done to optimize the de Bruijn graph 175 construction. The trimming reduced the sequencing coverage to 142.12x (close to 120x -the 176 ideal for a heterozygous genome) and increased the mean base quality of the reads (last cycles 177 produce lower base qualities). 178
De novo hybrid assembly 179
Two different hybrid assemblies were obtained with MaSuRCA v3.2.6 [21, 22]: one using 180 the complete PE400 2x251bp library (pcla1) and a second using the reads trimmed to 150bp 181 (pcla4). In both cases, the reads were assembled with CELERA and the 182 USE_LINKING_MATES option. As part of our genome annotation strategy (see below), we 183 also removed 2,332 scaffolds contaminated with bacteria or fungi from the most contiguous 184 hybrid assembly (see below). In addition, we mapped the complete mitochondrial genome 185 (NC_034749.1) to the decontaminated assembly using minimap2 v2.14 (Li 2018) . 186
RNA Library Preparation and Sequencing 187
To obtain a transcriptome for annotation, total RNA was extracted from three different 188 
Genome annotation 225
First, repeats present in the pcla4 genome assembly were annotated with RepeatMasker v4-0-226 6 (http://www.repeatmasker.org) using the repeat library specific for our assembly that was 227 built with RepeatModeler v1.0.11. Repeats that were part of repetitive protein families 228 (detected by running a Blast of the Repeat library against swissprot) were removed from the 229 library before masking the genome. 230
An annotation of protein-coding genes was obtained by combining RNA-seq alignments, 231 protein alignments and ab initio gene predictions. A flowchart of the annotation process 232 is shown in Figure 6 . 233
RNA-seq reads were aligned to the genome with STAR v-2.6.1b (Dobin et al. 2013 RNA genes present in the genome assembly. PASA-assemblies longer than 200bp that had 259 not been annotated as protein-coding and not overlapped by more than 80% by a small 260 ncRNA were incorporated into the ncRNA annotation as long-non-coding RNAs (lncRNAs). 261
Thanks to the functional annotation, we were able to detect the presence of bacterial and 262 fungal genes, suggesting some residual contamination in the assembly (pcla 4). Therefore, we 263 removed potential contaminant sequence by combining as criteria for retention the gene 264 13 functional annotation, the mean GC content and the presence of expression and P. clavata-265 specific repeats for each scaffold. As a result of this decontamination process, 2,322 scaffolds 266 were removed from the assembly as they belonged mainly to Aspergillus, Endozoicomonas or 267 other bacteria. The gene completeness of the pcla6 assembly (i.e. decontaminated and free of 268 mitochondrion) was estimated with BUSCO v3 (Simão et al. 2015) using the metazoa 269 database of 978 conserved genes. 270
Genome-wide Heterozygosity (SNVs) 271
Re-sequencing at enough depth (>20x) allows extracting valuable genome-wide information 272 from a single diploid sample by simply re-mapping against the reference genome and calling 273 variant. Although adaptor removal and quality trimming are not recommended for 274
MaSuRCA, they are strictly necessary before variant calling. Therefore, we detected and 275 trimmed Illumina adaptor sequences and performed quality trimming in PE400. For this 276 purpose, we used the Trim Galore! wrapper script 277 (http://www.bioinformatics.babraham.ac.uk/projects/trim_galore/) with -q 10 and then we 278 filtered out contaminated reads, as described above (Table 3) After variant calling, we exclusively considered supported SNVs, defined as those that are bi-298 allelic, covered at least by 10 reads and at least two reads supporting the alternative allele at 299 heterozygous sites. The kmer analyses (see results; Figure 4 ) shows that we have artificially 300 duplicated some sequences (k-mers), due to an inefficient collapse of alternative haplotypes, 301 in both the homozygous peak and the heterozygous peak. These duplicated sites may 302 contribute to an underestimation of heterozygosity because the reads corresponding to each 303 allele can potentially map separately to two independent locations in the assembly rather than 304 to the same locus. For this reason, we extracted all 57-mers repeated exactly twice in the 305 heterozygous and homozygous peaks of the assembly (pcla6). Our approach used first 306 Afterwards, these genomic intervals were merged into a BED file (using BEDTools v.2.16.2 312 (Quinlan and Hall 2010)) and subtracted from the callable sites with BEDOPS/2.0.0a (Neph 313 et al. 2012 ). Finally, we selected all SNV variants at callable sites that do not contain 314 artificially duplicated 57-mers using GATK v.3.7. 315
Microsatellite Markers 316
Previous molecular markers were identified and used for the species without information 317 about their exact location in the genome. The newly sequenced and annotated genome has 318 provided the means to do this. In order to know the genomic context around these markers, (Table 1) . The 327 total nanopore yield accounted for 3.55 Gb (~5x coverage) and read lengths were relatively 328 low, with a read N50 of 2.67 Kb instead of the expected 7-12Kb. It is noteworthy that the 329 efficiency of the nanopore sequencing was heavily influenced by the quality of the DNA 330 extraction. 331 332
Genome size and complexity 333
We show the results of two different k-mer analyses and compare them with the empirical 334 data available for the phylum Cnidaria. GenomeScope fits the 57-mer profile to a mixture 335 model (Model Fit: 92.52-96.72%). This method estimates the haploid genome size to be 336 between 711.53 and 712.31 Mb ( Table 2 ). The analysis also suggests that the genome possess 337 an appreciable amount of heterozygosity (0.91%) and high repetitiveness (41.5% of the 338 genome is likely to be repeated) (Figure 2 and 3) . The GenomeScope estimate is close to the 339 estimate of 747.45 Mb obtained with SGA preqc (using a k=31). 340
The genome size of cnidarians shows large variations, ranging from just 224.92 Mb in 341 
De novo hybrid assembly 347
The more contiguous assembly was obtained using 142x coverage with the 2x150 bp trimmed 348 reads and 5x of ONT long-read data (i.e. pcla4). We interpret this in two different but related contributed to obtain a much cleaner de Bruijn graph, and subsequently better super-reads to 356 be aligned to the long reads. In fact, the contiguity of the super-reads built by MaSuRCA for 357 pcla1 is lower than for pcla4. These super-reads have N50 538 bp and 573 bp, respectively. 358
The most contiguous hybrid assembly (pcla4) comprises 724.62 Mb and has contig N50 359 (ctgN50) 15.86 Kb and scaffold N50 (scfN50) 19.72 Kb. We found only one scaffold aligning 360 to the mitochondrial reference with two large mitochondrial segments repeated. This scaffold 361 was removed from the assembly and the alternative mitochondrial genome was kept 362 separately. Our mitochondrial assembly matches the reference genome with 99.8% identity. 363
In fact, the few differences are restricted to one indel and two Single Nucleotide Variants 364 (SNVs) ( Figure 5) . 365
Statistics of the decontaminated genome (pcla6) are shown in Table 4 . Noticeably, the total 366 contig length of pcla6, 711.53 Mb, is very close to the estimated genome size (711.53-712.31 367 Mb). However, a closer inspection of the spectra copy number (KAT (Marçais and Kingsford 368 2011), Figure 4 ), suggests that we failed to collapse some of the haplotypes (violet tip on top 369 of the homozygous peak). On the other hand, owing to the use of long read data, it appears 370 that true repeats have not been collapsed (bi-color tail evidencing the inclusion of 2x and 3x 371 repeats). Consistent with the KAT results, the mapping rate of the Illumina PE400 against 372 pcla6 is also very high, accounting for 98.33% of the total reads mapping to it. 373
In summary, the final assembly (pcla6) appears to be quite complete in terms of sequence and 374 recovers a size that is very similar to the estimated by the k-mer analysis (Table 3, Figure 4) . 375
However, it is still highly fragmented with 107,681 scaffolds and scfN50 close to 20Kb. The 376 reasons for this are likely the short length (N50=2.67Kb) and the sub-optimal coverage of 377 nanopore reads: less than 10x (Zimin et al. 2017) ). 378
Genome annotation 379
The repeat annotation step results in 48.28% of the assembly identified as repeats, but this 380 percentage rose to 49% after decontamination of the genome (see below). Table 5 shows the 381 proportions of each repeat type for the pcla6 assembly (notice that they sum more than 49% 382 as some positions fall in more than one category). The BUSCO analyses for gene 383 completeness reports 77% complete genes and 8.9% fragmented genes. In total, the which produce 85,763 transcripts (1.12 transcripts per gene) and encode for 84,766 unique 386 protein products. The annotated transcripts have 4.58 exons on average, with 62.9% of them 387 being multi-exonic (Table 6 ). In addition, 58,498 non-coding transcripts have been annotated, 388 of which 29,121 and 29,377 are long and short non-coding RNA genes, respectively. The 389 high number of protein coding genes in comparison to other octocoral species, such as the sea 390 pansy (Jiang et al. 2019 ) that has around 23,000 genes, is likely due to the high fragmentation 391
of the genome. The facts that 38% of the annotated protein-coding genes contain only partial 392
Open-Reading frames and that only 41% of the proteins have been functionally annotated 393 support our previous statement. 394 395
Genome-wide Heterozygosity (SNVs) and Microsatellite Markers: 396
The first estimate of the heterozygosity rate was 0.492% and defined as the total number of 397 heterozygous SNVs (2,618,189) divided by the total number of callable sites (532,009,648 398 bp). Focusing on SNV variants at callable sites that do not contain artificially duplicated 57-399 mers, the heterozygosity rate was 0.513%. Thus, on average, we expect to find approximately 400 5 SNVs per Kb (or 5,130 per Mb) in this species. 401
Most of the microsatellite markers previously identified in P. clavata have been correctly 402 assembled and located in our genome, as we were able to detect the repeat sequence between 403 both primers (Table S1 ). However, we have not assembled the region that corresponds to 404 Pcla-26 and the repeat unit of Pcla-20 seems to be (TA) instead of (TTAT). Also, Pcla-27 is 405 found twice in the assembly. With the exception of Pcla-9, -14, -24, -25, 13 microsatellites 406 were associated to protein sequences. While Pcla-a, -10, -12, -17, -20, -22, -28, -29 were 407 entirely found within intronic sequences, Pcla-d, Pc3-81, Pcla -21, Pcla-23 and Pcla-27 show 408 one or both primer(s) or even the repeat sequence within exonic sequences (see Table S1 ). 409
CONCLUSION 410
The genomic and transcriptomic resources developed here will open up new ways to study on 411 the ecology and evolution of Paramuricea clavata and related octocoral species. In 412 particularly, we aim to characterize the genomic factors and eco-evolutionary processes 413 involved in the differential responses to thermal stress observed during the warming-induced 414 mass-mortality events. We are currently re-sequencing the genome of thermo-resistant and This work will be complemented by gene expression analyses at the transcriptomic level 420 involving some of the re-sequenced individuals. In parallel, we are developing an holobionte 421 approach and the genomic resources will be used in complement with microbiome analyses to 422 reveal the temporal and spatial interactions between Paramuricea clavata and its associated 423 micro-eukaryote and prokaryote symbionts. We also aim to refine our current knowledge 424 regarding the evolutionary and demographic history of the species and are currently 425 expanding our sampling to regions that were not covered by the common garden experiment 426 (e.g. Turkey, Algeria, South West of Spain). In the end, the genome assembly described here counted and the number of distinct 57-mers (kmer species) for each depth from 1 to 250 are 491
shown in this plot. The main homozygous peak at depth 124 corresponds to unique 492 homozygous sequence and a tall heterozygous peak lies at half depth of it (62). Finally, the 493 thick long tail starting at depth 180 corresponds with repetitive k-mers in the genome. The 494 high peak at very low depths, caused by sequencing errors, has been truncated to facilitate 495
representation. 496 497 
